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Training is defined as a learning experience in 
producing knowledge, skills and behaviours to 
achieve good performance in various activities 
(Milhem, Abushamsieh & Pérez Aróstegui, 
2014). In Taekwondo training, there are two 
ways to learn Taekwondo. The first way is to 
learn with the trainer in the classroom or 
additional training club which is the 
conventional approach of Taekwondo training 
that is widely used nowadays. The problem 
faced by the trainees is lack of time to attend the 
training classes and sometimes the trainers are 
not available (Chen, Leung, Tang & Komura, 
2011).  
 
The second way is self-directed training by 
using existing supplementary training materials 
that include; DVD/CD (video), YouTube, 
Website, and books.  However, this approach 
has some limitations and most of them are not 
sophisticated enough. A major problem in the 
usage of videos is the lack of the third dimension 
and feedback (Witte, Emmermacher, Bandow & 
Masik, 2012). While, the use of books as 
training supplements is not sufficient because 
the books lack of interactive elements and the 
information is static which make it difficult to 
follow in terms of movements (Falah, Khan, 
Alfalah, Alfala, Chan, Harrison & Charissis, 
2014).  
 
In order to further explore some of the issues 
faced by the Taekwondo trainees, a preliminary 
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study was conducted among 52 Taekwondo 
trainees as respondents.  The study was carried 
out at a selected Taekwondo training centre in 
Kota Bahru, Kelantan based on convenience 
sampling technique.  A set of questionnaire was 
used as an instrument containing questions 
related to Taekwondo training. Based on the 
preliminary study, Taekwondo training is 
usually conducted by the expert trainers and it is 
considered the main method used for 
Taekwondo training. However, the study 
indicated that 36 out of 52 (69.2%) respondents 
conducted self-directed training at home. 25 
(48%) of the respondents indicated that they 
needed some form of supplementary Taekwondo 
training materials to further understand and 
practice the movements. The number of 
respondents and the type of supplementary 
training materials used while doing self-directed 
training include; 5 (9.6%), respondents used 
DVD/CD (video), 20 (38.5%), respondents used 
YouTube, 15 (28.8%), respondents used 
Website and finally 7 (13.5%) respondents used 
Books. The study also indicated 32 (61.5%) of 
the respondents were willing to use the 
supplementary training material based on 
interactive VR technology if it is available. 
  
The results of the preliminary study clearly 
indicated the importance of self-directed 
Taekwondo training among the trainees and they 
are facing problems while performing self-
directed training at home since they do not have 
proper supplementary training material to guide 
them while doing self-directed training. Hence, 
there is an urgent need to introduce a new 
approach for supplementary Taekwondo training 
to overcome the shortcomings of the existing 
training materials as well as to address the issues 
that have been highlighted in the preliminary 
study. These limitations can be overcome by an 
increase utilization of VR technology that can 
produce interactive environments, immersive 
and numerical simulations (Vignais, Kulpa, 
Brault, Presse, & Bideau, 2015).  
RESEARCH METHODOLOGY  
This research focuses on proposing the VT2E 
prototype as a supplementary material for 
Taekwondo trainees in a way that allows them to 
learn and practice the Taekwondo movements 
interactively while conducting self-directed 
training. The VT2E prototype was developed 
using the VR and MoCap technologies. The 
development processes of the VT2E prototype 
composed of four phases; i) information 
gathering, ii) prototype design and development, 
iii) evaluation and iv) conclusion. The 
information gathering phase started with 
gathering of information about the conventional 
method of Taekwondo training to identify the 
trainees’ problem in Taekwondo training and to 
identifying the existing supplementary training 
material for self-directed Taekwondo training 
and the limitations.   In this phase, preliminary 
study and literature review were conducted to 
determine and identify the issues in this study. It 
is then followed by the prototype design and 
development phase which includes i) modeling, 
ii) motion capture, iii) animation and iv) virtual 
environment generation. Next is the evaluation 
phase comprising of expert evaluation and user 
evaluation. The last phase is the conclusion, 
where the collected data was analyzed using the 
Statistical Package for Social Science (SPSS) 




In order to complete the evaluation phase, the 
evaluation of the VT2E prototype was conducted 
among experts and users.  
 
A. Expert Evaluation 
The expert evaluation is important to ensure that 
the contents and user interfaces of a system are 
easily understood by the users. For the expert 
evaluation, two categories of experts were 
involved namely; content and user interface.  
The content experts were responsible in ensuring 
the consistency of the information in the VT2E 
prototype by evaluating the prototype 
thoroughly and making suggestions for any 
inconsistencies detected in the prototype. In this 
study, an experienced and qualified Taekwondo 
trainer from the Co-curriculum Centre of UUM 
was involved. Meanwhile, for the user interface 
evaluation, two lecturers from the Institute of 
Creative Humanities, Multimedia and 
Innovation, UUM were involved. They were 
selected based on their knowledge and 
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experience in teaching and conducting research 
related to VR and they have more than five years 
of experience in their respective fields.  The user 
interface experts were responsible in ensuring 
the functionality of all the interfaces of the 
prototype.  
 
B. User Evaluation 
The user evaluation was conducted among a 
sample of 46 World Taekwondo Federation 
(WTF) trainees of UUM. The sample was 
selected using the purposive sampling technique 
whereby the selection was based on the 
characteristics of the population and the 
objective of the study. The sample involved 
must be the specific type of people to ensure the 
objective of the study can be achieved (Sekaran, 
2003). The user evaluation has been conducted 
by using a set of questionnaire which was 
developed from previously validated instruments 
and modified based on the VR training 
approach. The questionnaire utilizes a 5-point 
Likert scale ranging from 1 (strongly disagree) 
to 5 (strongly agree). The questionnaire consists 
of two sections namely; demographic data and 
trainees’ perceptions towards the use of the 
VT2E prototype.  
 
The questionnaire consists of items for all the 
measurement which include Satisfaction, 
Engaging, Presence, Usefulness and Ease of 
Use. The items for Engaging were adapted from 
Webster, Trevino, and Ryan (1993) and the 
items for Presence were adapted from Witmer 
and Singer (1998). The items for Usefulness and 
Ease of Use were adapted from Davis (1993) 
and lastly, the items for Satisfaction items were 
adapted from Chou and Liu (2005). Prior to the 
evaluation, the respondents were given 
approximately 45 minutes to use and be familiar 
with the VT2E prototype. Then, they were given 
a set of a questionnaire for the evaluation.  
RESULTS 
The results for the expert and user evaluations of 
the VT2E prototype are discussed in following 
sub-sections.  
 
A. Expert Evaluation  
It was the responsibility of the experts to ensure 
that the VT2E prototype has been validated in 
terms of the contents as well as the interfaces. 
All the feedbacks in the form of comments and 
suggestions from the experts were required in 
order to improve the prototype. Table 1 presents 
the suggestions provided by the experts based on 
the guidelines proposed by Nielsen’s (1994) and 
extended by Sutcliffe and Kaur (2000) for VE.  
The suggestions by the experts have been taken 
into account and the prototype has been 
modified prior to the user evaluation. 
 
Table 1. VE Expert Evaluation 
VE Expert Evaluation 
Natural engagement  
Problem: No collision detection. 
Suggestion: Add collision detection. 
Compatibility with the user’s task and 
domain 
Problem: No problem. 
Suggestion: 
Natural expression of action 
Problem: No step-by-step movements. 
Suggestion: Provide step-by-step movements. 
Close coordination of action and 
representation 
Problem: No problem. 
Suggestion: 
Realistic feedback 
Problem: No problem. 
Suggestion: 
Faithful viewpoints 
Problem: No problem. 
Suggestion: 
Navigation and orientation support 
Problem: No problem. 
Suggestion: 
Clear entry and exit points 
Problem: Not applicable 
Suggestion: 
Consistent departures 
Problem: Not applicable 
Suggestion: 
Support for learning 
Problem: No problem. 
Suggestion: 
Clear turn-taking 
Problem: Not applicable 
Suggestion: 
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Sense of presence 
Problem: No problem. 
Suggestion: 
 
B. User Evaluation 
Demographic characteristic 
The user evaluation was conducted among 46 
respondents of both genders whereby 17 of the 
respondents were male (37%) and 29 were 
female (63%). The range of the respondents’ 
ages was 18 to 39 years old and they were 
among the WTF Taekwondo trainees of UUM. 
 
Reliability analysis 
Reliability refers to the degree to which an 
assessment tool produces stable and consistent 
results. A 5-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree) was 
used. Reliability was examined using the 
Cronbach alpha for all the measurements that 
include; Engaging, Presence, Usefulness, Ease 
of Use and Satisfaction. The Cronbach alpha 
was calculated using SPSS version 21. Table 2 
shows the Cronbach alpha values for each 
measurement. The results indicated that 
Engaging has a Cronbach alpha of 0.874, 
Presence has a score of 0.817, Usefulness has a 
score 0.853, Ease of Use has Cronbach alpha of 
0.816, and Satisfaction has a Cronbach alpha of 
0.746. Since all the measurements have 
Cronbach alpha values of greater than 0.7, then 
all the measurements are reliable (Van Raaij & 
Schepers , 2008). 
 
Table 2. Cronbach Alpha Value for Each 
Measurement 




Engaging  6 0.874 
Presence  6 0.817 
Usefulness  6 0.853 
Ease of use  6 0.816 
Satisfaction  5 0.746 
 
Descriptive statistics 
The descriptive statistics analysis was conducted 
to determine the mean score and the standard 
deviation of each item using the SPSS version 
21 as shown in Table 3.  The results indicated 
that Usefulness has the highest mean score of 
4.22 while presence has the lowest mean score 
of 3.90. Meanwhile the mean score for Engaging 
is 4.18, Ease of Use is 4.08 and Satisfaction is 
4.14.   
 
Table 3. Measurements and Items Used For 
VT2E Prototype User Evaluation 
Measurements and Items Mean  SD 
Engaging                                         4.18 
VT2E keeps me totally absorbed 
in the self-directed Taekwondo 
training. 
4.02 .577 
VT2E hold my attention. 4.28 .584 
VT2E excites my curiosity. 4.26 .743 
VT2E arouses my imagination. 4.22 .696 
VT2E is fun. 4.26 .612 
VT2E is intrinsically interesting. 4.04 .698 
Presence                                           3.90 
I got a sense of presence (i.e. 
being there). 
3.87 .718 
The quality of the image 
increases my feeling of 
presence. 
3.93 .772 
I thought that the field of view 
enhanced my sense of presence. 
3.93 .611 
I felt being there and part of the 
virtual environment 
3.89 .605 
I had a good sense of scale in 
the virtual environment. 
3.98 .683 
I often know where I was in the 
virtual environment. 
3.85 .729 
Usefulness                                       4.22 
Using VT2E in my training 
would enable me to accomplish 
tasks more quickly. 
4.15 .631 
Using VT2E would improve my 
training performance. 
4.20 .582 
Using VT2E in my training 
would increase my productivity. 
4.02 .715 
Using VT2E would enhance my 
effectiveness on the training. 
4.20 .542 
Using VT2E would make it 
easier to do my training. 
4.35 .604 
I would find VT2E useful in my 
training. 
4.41 .617 
Ease of Use                                      4.08 
Learning to operate VT2E 
would be easy for me. 
4.04 .665 
I would find it easy to get VT2E 4.07 .680 
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to do what I want it to do. 
My interaction with VT2E 
would be clear and 
understandable. 
4.11 .605 
I would find VT
2
E to be flexible 
to interact with. 
4.02 .577 
It would be easy for me to 
become skillful at using VT2E. 
4.09 .694 
I would find VT2E easy to use. 4.15 .666 
Satisfaction                                     4.14 




I was satisfied with the overall 
training effectiveness. 
4.11 .605 
I was satisfied with the training 












This paper has looked into the possibility of 
introducing the VT2E prototype to be used as a 
supplementary material for self-directed 
Taekwondo training which integrates Virtual 
Reality (VR) and Motion Capture (MoCap) 
technologies.  The use of VR in Taekwondo 
training is still uncommon. The use of the VR 
technology offers unique experiences to the 
users which include representative, detailed, and 
realistic view of the environment. This paper 
started with brief explanation on the issues 
related to the conventional Taekwondo training 
approach as well as the existing Taekwondo 
training supplementary materials. Then it 
proceeds to briefly elaborate on the development 
processes of the VT2E prototype. This paper also 
presented the results of the expert evaluation and 
user evaluation of the VT2E prototype. The main 
purpose of the user evaluation of the VT2E 
prototype is to determine the users’ perceptions 
towards the use of the prototype while 
conducting self-directed training. The results of 
the user evaluation indicated that the users 
agreed on all the measurements which include 
Engaging, Presence, Usefulness, Ease of Use 
and Satisfaction. From the results, the following 
key strengths are apparent.  The users think that 
by using the VT2E prototype they would 
enhance their effectiveness on the training, make 
it easier to do their training and improve their 
training performance.  The VT2E prototype was 
also able to hold their attention, excite their 
curiosity, and arouse their imagination. 
Although the conventional method of 
Taekwondo training is still important, it is 
undeniable that the use of the VT2E prototype 
can help trainees in improving their skills and 
performance in Taekwondo training. 
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